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0. FOREWORD 

0.1 This Indian Standard ( Part 3 ) was adopted by the Bureau of 
Indian Standards on 24 August 1987, after the draft finalized by the 
Methpds of Chemical Analysis of Ores, Minerals and Refractories 
Sectional Committee had been approved by the Structural and Metals 
Division Council. 

0.2 IS : 1493 (Part 1 ) - 1 98 1 * covers the chemical analysis of iron ores 
for determination of moisture, silica, iron, phosphorus ( ^0*5 percent ), 
aluminium and sulphur by conventional methods, namely gravimetric 
and volumetric method. The chemical analysis for determination of 
remaining constituents given in IS : 1493-1959J will be covered in Part 2 
of this standard which is under preparation. With the publication of 
IS : 1493 (Part 2), IS : 1493-1959| will be withdrawn. 

0.3 Since atomic absorption spectrophotometry ( AAS ) for iron ore 
has greatly facilitated the determination of many of the constituents 
and is adopted as a preferred procedure for many trace elements, a 
need was felt to publish a standard for determination of various 
constituents in iron ores by atomic absorption spectrophotometry. 

0.4 In reporting the result of a test or analysis made in accordance 
with this standard, if the final value, observed or calculated, is to be 
rounded off, it shall be done in accordance with IS : 2-1960J. 



1. SCOPE 

1.1 This standard ( Part 3 ) prescribes the atomic absorption spectro- 
photometric method for determination of titanium, chromium, 



'Methods of chemical analysis of iron ores: Part 1 Determination of common 
constituents {fir it revision). 

t Methods of chemical analysis of iron ores. 
JRuks for rounding off numerical values ( rmssd). 
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vanadium, calcium and magnesium in iron ores. The method is 
applicable to a concentration range of 005 to 5 percent of titanium 
dioxide, chromium oxide, vanadium pentoxide and CrOi to 10 percent 
of oxides of calcium and magnesium. 

2. SAMPLING 

2.1 Samples for determination shall be drawn and prepared in accor- 
dance with IS: 1405-1982*. 

3. QUALITY OF REAGENTS 

3.1 Unless specified otherwise, analytical grade reagents and distilled 
water ( see IS : 1070-1977! ) shall be employed in the "test. 

4. GENERAL 

4.1 Use of Filter Papers — In the methods prescribed in this 
standard, relative number of Whatman filter paper only have been 
prescribed, since these are commonly used. However, filter paper of 
any other suitable brand with equivalent porosity may be used. 

5. OUTLINE OF THE METHOD 

5.1 The test portion is decomposed by heating with hydrochloric acid. 
Insoluble residue is hydrofluorised, fused with sodium carbonate and 
taken up with the main solution. Individual elements are determined 
by AAS after proper dilutions and addition of background solutions. 

6. REAGENTS 

6.1 Concentrated Hydrochloric Acid — rd~ 1*16 conforming to 
IS : 265-1976J. 

6.2 Concentrated Nitric Acid — rd = 1*42 conforming to IS : 264- 
1976§. 

6.3 Dilute Hydrochloric Acid — 1 : 10 ( v\v ). 

6.4 Dilate Sulphuric Acid — 1 ; 1 ( vjv ) and 2 N. 

6.5 Hydrofluoric Acid — 48 percent. 

6.6 Sodium Carbonate ( Anhydrous ) — Solid. 



* Methods of sampling iron ores ( second rgpisitn ). 
♦Specification for water for genera! laboratory use { secsnd r&ssU* )- 
JSpecification for hydrochloric acid ( s$cond revision) . 
{Specification for nitric acid ( second revision ). 
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6.7 Background Solution A — Dissolve 15*0 g of metallic iron ( iron 
wire 99*9 percent purity ) in 100 ml concentrated hydrochloric acid 
and 5 ml of concentrated nitric acid, dilute to one litre. 

6.8 Background Solution B — Dissolve 75 g of tartaric acid and 35 g 
of potassium chloride in a mixture of 50 ml concentrated hydrochloric 
acid and 200 ml water. Add 10 ml of dilute sulphuric acid (1:1) and 
dilute to 500 ml. 

6.9 Standard Titanium Solution ( 1 000 fig Ti0 2 /ml ) — Fuse 0500 g 
of titanium dioxide (previously dried at 110°C) with 5 g of potassium 
pyrosulphate in a silica crucible. Dissolve the cold melt in 100 ml of 
warm dilute sulphuric acid (2 N). Transfer to a 500 ml volumetric 
flask and make up volume with dilute sulphuric acid ( 2 N ). 

6.10 Standard Chromium Solution ( 1 000 fig CrsOs/ml ) — Dissolve 

1*930 g of potassium dichromate (previously dried at 110°C) in one 
litre water in a volumetric flask. 

6.11 Standard Vanadium Solution ( 1 000 [xg V a O fi /ml ) — Dissolve 

1*000 g of vanadium pentoxide ( previously dried at 110°C) in 20 ml 
dilute sodium hydroxide solution ( 5 percent). Add about 100 ml 
water and 10 ml of dilute sulphuric acid (1:1), transfer to a one litre 
volumetric flask and make up volume with water. 

6.12 Standard Calcium Solution ( 100 [xg GaO/ml ) — Dissolve 
0*178 g of calcium carbonate (previous dried at 110°C) in 20 ml of 
dilute hydrochloric acid (4N). Transfer to a one litre volumetric 
flask and make up volume with water. 

6.13 Standard Magnesium Solution ( 100 t*g MgO/ml ) — Dissolve 
0600 g of magnesium metal (magnesium wire, 99*99 percent purity ) 
in 20 ml of concentrated hydrochloric acid. Transfer to one litre 
volumetric flask and make up volume. 

Take 10 ml of above solution to 100-ml volumetric flask and make 
up volume with water. 

6.14 Mixed Calibration Solution for Titanium, Chromium and 
Vanadium — Prepare 0, 5, 10, 20, 30, 40 and 50 y-g/ml mixed standards 
by taking, 0, 2*5, 5, 10, 15, 20 and 25 ml of standard titanium solution, 
standard chromium solution, standard vanadium solution in 500-ml 
volumetric flasks. Add 50 ml of background solution A and 50 ml 
background solution B to each flask, dilute to volume and mix well. 



IS : 1493 ( Part 3 ) - 1987 

6.15 Mixed Calibration Solutions for Calcium and Magnesium — 

Prepare 0, 0*5, 1*0, 2'0, 40, 6*0, 8*0 and iO'O ji-g/ml mixed standards by 
taking 0, 25, 5, 10, 20, 30, 40 and 50 ml of standard calcium solution 
and standard magnesium solution in 500-mI volumetric flasks. Add 
50 ml of background solution A and 50 ml of background solution B 
to each flask, dilute to volume and mix well. 

7. APPARATUS 

7.1 Atomic absorption spectrophotometer fitted with nitrous oxide — 
acetylene burner head. Instrument parameters may vary with the 
instrument and the manufacturer's instructions may be foiiowed in 
each case. 

8. PROCEDURE 

8.0 The analysis snail be carried out generally in duplicate, indepen- 
dently on each' sample. In each run, one analysis of a standard sample 
of the same type of ore and one blank test shall be carried out in 
parallel with the analysis of test samples. 

8.1 Preparation of Sample Solution — Weigh 2500 g sample in a 
500-ml beaker. Moisten it with a few ml of water, add 75 mi 
of concentrated hydrochloric acid, cover with a watch glass and heat 
to gentle boiling until the sample is nearly decomposed and no further 
attack is visible. Remove the cover glass, add 5 ml of concentrated 
nitric acid and continue heating for 15 minutes more. Cool, add 
about 100 ml of water and filter through a Whatman No. 41 filter 
paper. Wash 4-5 times with dilute hydrochloric acid and finally with 
hot water until the filter paper is colourless. Collect the filtrate and 
washings in a 250-ml volumetric flask ( main solution ). 

8.1.1 Ignite the residue with the filter paper in a platinum crucible 
at about 900°C, Cool the crucible, moisten the ignited mass with a few 
drops of water, add 2 drops of dilute sulphuric acid ( 1:1 ) and about 
10 ml of hydroflouric acid. Place the crucible on a hot plate and 
continue heating until the mass becomes dry. Remove the crucible 
from the hot plate and ignite it at about 900°C for few minutes. Cool, 
add 0*5 g of sodium carbonate and fuse the mass for 15 minutes over 
a burner. Cool, dissolve the fused mass in about 20 ml dilute sulphuric 
acid (2 N) solution and transfer the solution and add to the main 
filtrate preserved in 250-ml volumetric flask. Make up volume with 
water and mix well. 

8.2 Preparation of Test Solutions for Atomic Absorption 

Measurements — Prepare test solutions for AAS measurements as per 
Tabie 1. 
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TABLE 1 DILUTION GUIDE FOR AAS MEASUREMENTS 

( Clause 8.2 ) 



Test 
Solu- 
tion 
No. 


Analyte 
Element 

&XIDB! 


Concen- 
tration 
R&nqb 

Percent 


Aliquot 

oe Main 

Solution 

(8.1) 

Taken 

ml 


Back- 
ground 

Solution 

A ( 6.7 ) 

Added 

ml 


Back* 
Ground 
Solution 

B(6.8) 

Added 
ml 


Final 
Volume 

ml 


1. 


Ti.V, 
Cr 


0*05- 1 


50 


Nil 


10 


100 


2. 


Ti,V, 
Cr 

Ca, Mg 


1-5 
0-01-1 


10 


5 


10 


100 


3. 


Ca, Mg 


1-10 


5 


50 


50 


500 



8.3 Atomic Absorption Measurements 

8.3.1 Adjust the atomic absorption instrument using instrument 
parameters recommended by the manufacturer. Use nitrous oxide 
acetylene flame for all the elements. During measurements of 
magnesium, the burner head should be rotated through an angle of 90° 
to the light path, that is, the burner head should be perpendicular to 
the light path. 

8.3.2 Aspirate water to establish that the absorbance reading is not 
drifting and then set the initial reading for water to zero absorbance. 
Aspirate the calibration solutions (6.14 or 6.15) and the test 
solutions (see Table 1 ) in the order of increasing absorption, starting 
with the blank solution and the zero calibration solution. When a 
stable response has been obtained for each solution, record the readings. 
Aspirate water between each calibration solution and test solution. 
Repeat the measurements two times more. 

8.3.3 Convert the average of the readings for each calibration 
solution to absorbance. Obtain the net absorbance of each calibration 
solution by subtracting the average absorbance of the zero calibration 
solution. In, a similar manner, obtain the net absorbance of the test 
solution by subtracting the absorbance of the blank solution. Prepare 
calibration curve by plotting the net absorbance values of the cali- 
bration solutions against microgram of analyte per miliilkre. Convert 
the net absorbance values of the test solution to microgram of analyte 
per millilitre by means of the calibration curve. 
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8.4 Calculation — The analyte concentration, as percentage of mass 

is calculated from the following relation: 

T 
M, percent = -7^— X 100 

where 

M = analyte of element oxide, 

T— microgram of analyte element per millilitre of test 
solution obtained from calibration curve, and 

W — sample concentration in (Ag/ml in the test solution. 
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